The Spectral Galaxy Pairs (SGPs) are defined as the composite galaxy spectra which contain two independent redshift systems. These spectra are useful for studying dust properties of the foreground galaxies. In this paper, a total of 165 spectra of SGPs are mined out from Sloan Digital Sky Survey (SDSS) Data Release 9 (DR9) using the concept of membership degree from the fuzzy set theory particularly defined to be suitable for fuzzily identifying emission lines. The spectra and images of this sample are classified according to the membership degree and their image features, respectively. Many of these 2nd redshift systems are too small or too dim to select from the SDSS images alone, making the sample a potentially unique source of information on dust effects in low-luminosity or low-surface-brightness galaxies that are underrepresented in morphological pair samples. The dust extinction of the objects with high membership degree is also estimated by Balmer decrement. Additionally, analyses for a series of spectroscopic observations of one SGP from 165 systems indicate that a newly star-forming region of our Milky Way might occur.
INTRODUCTION
The evolutionary track of a galaxy can be shaped as its merger history, which largely depends on the properties of the rich environments. Since one of the first observations (Dressler & Alan 1980) showed that the environment may influence the properties of galaxies, numerous further identification studies have been carried out. The environmental impacts on galaxies in clusters (especially in over-dense clusters) (Wake et al. 2005; Tyler et al. 2013) , galaxy groups (Wilman et al. 2008; Hou et al. 2013) , or galaxy pairs (Krabbe et al. 2014 ) have always been hot issues for observations and researches. Furthermore, it has been accepted that the density on smaller scales can be the major impetus behind the galaxy evolution (Lewis et al. 2002; Blanton & Berlind 2007) , and galaxy mergers may provide the most obvious mechanism. Thus, astronomers have paid a lot of attentions on galaxy pairs. From different perspectives, inEmail: lal@nao.cas.cn teracting effects of galaxy pairs were extensively analyzed in a series of works (Ellison et al. 2008 (Ellison et al. , 2010 Patton et al. 2011; Ellison et al. 2011; Scudder et al. 2012; Patton et al. 2013; Ellison et al. 2013a,b) , which are the most influential works in this decade. They found that there was an enhancement in the star formation rate (SFR) of galaxy pairs. And the intensity of this enhancement is mainly correlated to galaxy evolutionary phases (the enhancement in late-type galaxies is more significant than that in early-type ones, see Nikolic et al. 2004 ), stellar masses relationship (major pairs are higher than others) and their separations (this enhancement increases as pair separation decreases). The latest research (Satyapal et al. 2014 ) also showed that the fraction of AGN in the pairs increases with decreasing projected separation. In general, one criteria to differentiate the interacting and non-interacting galaxy pairs is the distance (or velocity difference ∆v or redshift difference ∆z) between the two galaxies.
Further, overlapping galaxy pairs on the line of sight are very valuable materials for dust studies. Dust composes only a small fraction of the interstellar medium in galaxies, but plays an important role in understanding the fundamental cosmological parameters. These parameters are useful for determining the mass density and the cosmological constant, as well as understanding the measured star-formation rates of the higher redshift proto-galaxies in the early universe. Dust extinction and dust mass can be estimated from differential photometry in occulting pairs of galaxies, which was firstly proposed by White & Keel (1992) , and then applied to the known pairs by using ground-based optical images (Domingue et al. 1999) , spectroscopy (Domingue et al. 2000) and later space-based HST images (Keel & White III 2001; . The flux ratio of two Balmer emission lines from nebular (such as Hα/Hβ) can be used to determine the dust extinction as well (Kennicutt & Robert 1992) . Recently, more pairs were found in the SDSS spectroscopic catalogue (86 pairs, see Holwerda et al. 2007a) and in the Galaxy Zoo project (1993 pairs, see Keel et al. 2013) . The sample selection is mainly based on photometric images. It is difficult and time-consuming to search these targets in images automatically, especially for some superimposed galaxies (Domingue et al. 2000) . Currently, there are few auto-search methods for dual-redshift system in spectra. Cross-correlation analysis results have been reported from SDSS DR7, which can provide several redshifts candidates for every spectrum, and finally increased the data dimensions. Thus, it is more suitable for verifying multi-redshift systems. Tsalmantza & Hogg (2012) have proposed a mathematical approach to fitting the spectral models at different redshifts, simultaneously. This method depends on both the training model and optimization strategy. Fortunately, the emission-line galaxy pairs in nearby universe may also be distinguished by aid of composite spectra, i.e. SGPs.
In this paper, a novel SGPs search method based on fuzzy recognition is presented and especially focused on searching for 'emission+emission' dual-redshift system spectra from the SDSS DR9. As a result, a total of 165 spectra of SGPs are provided, and the spectra and images of this sample are classified according to the membership degree and their image features, respectively. For the objects with high membership degree, the dust extinction is also estimated by Balmer decrement. Additionally, analyses for a series of observations of one SGP from 165 systems indicate that a newly star-forming region of our Milky Way might occur.
The paper is organized as follows. In Section 2, sample selection and auto-search method are described in detail. A SGP list, results analysis and preliminary discussion of extinction estimation are shown in section 3. Finally, a summary of the main work is given in section 4.
AUTOMATED SEARCH METHOD

Sample selection
The ninth data release of the Sloan Digital Sky Survey (SDSS DR9, see Ahn et al. 2012 ) is the first release of the spectra from the SDSS-III's Baryon Oscillation Spectroscopic Survey (BOSS), in which about 1.5 million (1, 457, 002) massive galaxies' spectra were presented. We are honoured to get these data and choose them as the initial data set of this work. To obtain the final sample, we reduce these spectra firstly according to the following criteria.
All spectra of galaxy from SDSS DR9 are selected as our initial data set. Here, we do not impose the subclass limit on the spectra selection although our searching is especially focused on the galaxy spectra with two groups of emission lines, and it is mainly to avoid missing the SGPs of other subclasses automatically classified by pipeline. For example, the object NO.100 in Table 1 is a SGP, while its subclass provided by the SDSS is 'null'. Thus, as long as two sets of emission lines appear in a spectrum, the spectrum is kept as a candidate.
In order to guarantee that both Hα and Hβ fall simultaneously in the SDSS spectral wavelength coverage, we limit redshift range to z 0.4. Thus, some other emission lines such as O II λλ3727, 3730, O III λλ4960, 5008, N II λλ6550, 6585 could also be employed in auto-search process.
Furthermore, it is the fitting quality of the emission lines (instead of the SNR) that is used to define the membership degree, which is utilized in searching process to measure the confidence of a spectrum belonging to SGPs (see section 2.2.1).
Method description
There are many uncertain or imprecise characteristics increasing the difficulty of auto-identification. For example, not all positive signal (e.g. noise) is true emission line; not all the emission lines have peak value for various reasons such as sky subtraction error; and some emission lines are weakened by stellar absorption, such as Hβ. As mentioned above, the spectral shapes of these objects vary a lot due to their different observation environments, broadening, redshifts, and processing errors. Therefore, it is desirable to find a method which can process and analyze the uncertain data.
In mathematics, fuzzy sets (Zadeh 1965) are sets whose elements have degrees of membership, and now used in different areas, such as linguistics, decision-making and clustering (Zhang et al. 2014 (Zhang et al. , 2013 . By contrast with the classical set theory, fuzzy set theory described with the aid of a membership function valued in the real unit interval [0, 1] permits the gradual assessment of the membership of elements in a set. In our method, this idea of the gradual assessment is introduced into the line identification.
In brief, identifying emission lines in a spectrum through fuzzy recognition is the first key step of our method. And then the emission lines with the redshift are subtracted from the spectrum. Finally, the first step is repeated twice in the residual spectrum.
Fuzzy recognition and membership degree
Let pair (O, m) be a fuzzy set of SGPs where O is a galaxy spectra set and m is a mapping function (O→[0, 1]). For each spectrum x ∈O, the value m (x) is called the membership degree of x in (O, m) . In other words, every element x in O has a degree m (x) belonging to SGPs. Meanwhile, the membership degree of every spectrum can be defined by the quality and related characteristics of some spectral lines. Here, we choose emission lines {Hα λ6565, Hβ λ4862, O III λλ4960, 5008, N II λλ6550, 6585, S IIλλ6718, 6733} as L, and define the parameter d by equation (1) for every emission line of each spectrum. Thus the m (x) is an average of all d in L.
d(f actor, f iterr, peak) = (k1 * f actor)+(k2 * f iterr)+(k3 * peak)
(1) where k1, k2, k3 are the proportions (weights) of the three parameters respectively and sum (k1, k2, k3) = 1.
The parameter f actor: The parameter f actor is defined as equation (2):
Rx Ry + ∆λxy = Φ or coreErrx 99 1, corex ∈ Ry + ∆λxy Assuming that y is a known line with the best fitting quality by Gaussian function, we can use f (x, y) as the main parameter to measure the confidence of x belonging to the set L. We suppose that ∆λxy = (wavelengthy -wavelengthx)rest * (1+z), Hα is a known line with best fit quality, Rα is the core range of Hα, and Hβ is a line to identify. Then Rα + ∆λ αβ is the theoretically acceptable wavelength range of Hβ. So it is certainly accepted as Hβ when core β ∈ Rα + ∆λ αβ , rejected when Rβ Rα + ∆λ αβ = Φ, and otherwise, accepted as a certain degree estimated by equation (2), whose value is inversely proportional to the deviation of core β from Rα + ∆λ αβ and is in a real unit interval [0, 1] .
The parameters f iterr: In addition, the whole fitting error f iterr also needs concern. The smaller the f iterr is, the stronger confidence the line has. And when fiterr 99 (99 is the default number when fitting χ 2 99 ), the line should not be accepted. Then the function f iterr(x) is,
where x ∈ L and Err all is the sum of fitting errors by Gaussian function.
The parameter peak: Similarly, stronger emission lines are more favoured in searching. Therefore after normalizing the flux by the standard deviation, a function peak (x) is defined as peak(x) = 1, peak f lux 10 peak f lux /10, others
A Spectral Galaxy Pairs search algorithm
The algorithm is descried as follows:
(i) select 1D Galaxy Spectra Set A as the initial data set, and N1, N2, m1, m2 as input parameters (N1 and N2 are Table 1 conditions and z1 0.4 ), if True, turn to step (viii), otherwise mask current Hα line and turn to step (iii) (viii) subtract these emission lines (Hα and other lines of current redshift system) (ix) search the next redshift system by using the same method as step (iii-viii) (The check conditions in step (vii) change to Average (d in L) m2, N N2, 0 z2 0.4, and z2-z1 0.005 ) If success, add this spectra into SGPs candidate set B and turn to step (x); Otherwise, go to step (x) directly (x) select next spectrum, loops steps (ii-x) until all spectra in A have been examined (xi) record Candidate Set B
We also compare both redshifts calculated by our method with the one provided by SDSS pipeline and find that the results have a good agreement. Besides, all the spectra in the candidate set B are further checked by eyes or various searching rules, which is discussed in the next section.
Searching rules and results
This algorithm can be briefly divided into two steps: reduced by the pre-searching rules and identified by fuzzy recognition.
Pre-searching rules. The data set is firstly reduced according to the pre-searching rules listed in Table 1 . These rules are defined to remove those spectra that are absolutely not SGPs from the data set avoiding unnecessary line fittings. As seen in the Table 1, the integrated flux and peak flux values of the emission lines are both used so that the misjudgements caused by noises or sky subtraction errors are controlled as small as possible. It should be noted that high order Balmer lines (very weak in some spectra) and some strong oxygen lines (such as O II λλ3927, 3930, O III λλ4960, 5008 with no certain relationship between the strength of these lines) are not chosen as reduced criteria. After two checks for every spectrum in the data set, 55092 spectra remain.
Membership degree thresholds. The membership degree can fuzzily measure the confidence of a spectra belonging to the SGPs. Therefore, a reasonable choice of membership degree thresholds is vitally important in the recognition process. We have tried several groups of membership degree thresholds from loose to strict and visually checked every candidate mined out by the method mentioned above. Table 2 shows the corresponding results of different thresholds. As seen from this table, along with the search conditions becoming looser from line 1 to line 4, the record count of SGPs gets larger and the confidence of these spectra in SGPs gets lower simultaneously. It is believed that the quality of new members admitted into SGPs is very poor if the conditions get much looser.
The limitation of redshifts difference. To test the ability of this approach on the redshifts difference limitation, some experiments are implemented. A test sample of 113 star-forming galaxies spectra with SNR 50 is chosen from DR9 data. Then, any two spectra, which are transformed to rest wavelength and normalized, are combined according to the mode: the redshift z1 = 0, z2 are random numbers generated from different intervals (column 1 of Table 3) , and f lux = f luxa + k * f lux b where k∈ [0.5, 1.5]. Thus, five groups of synthetic spectra with dual-redshift system are produced and applied in test. As seen from the results, almost all spectra can be recognized when ∆z 0.005, although few objects missed since the signal is too weak. The missed spectra can also be recognized when k = 1.5. How- ever, the search method for SGPs (physically interacting pairs) of ∆z 0.005 still need to be further explored in follow-up works. In a word, the lower limit of ∆z in the searching process is set to 0.005.
RESULTS AND ANALYSIS
3.1 SGPs sample selected from SDSS DR9 Table 1 in Appendix lists the SGPs sample searched from SDSS DR9 by the method mentioned above. This sample includes 165 spectra which have two redshift systems. Each spectrum is assigned a serial number (shown in column 1) that will be referred to throughout this paper. The basic information of these objects (including SDSS ID, RA, DEC) are gathered from the Catalogue Archive Server Jobs System of SDSS DR9 and listed in this table from column 2 to column 4.
Two redshifts (column 5, 6) are estimated by using the observed central wavelength and the rest central wavelength of the lines in the searching process. The corresponding errors are derived from the fitting errors of the line cores. These redshifts are also crossed with XCRedshift results of SDSS DR7 (The same values of DR9 or later release are not found). The serial numbers are marked with asterisks in the upper right corner if there are at least two values in XCRedshift results close to the values given by the proposed method in this paper.
The confidence of spectra belonging to SGPs may vary due to different thresholds. Some spectra show very obvious characteristics in both systems, while others do not. For the latter, the lines coming from the background galaxies, can hardly be identified. In this view, these objects are divided into four grades according to different threshold values. The spectra met the conditions of line 1 in Table 2 are graded as 'A', line 2 as 'B', line 3 as 'C', and line 4 as 'D', respectively (column 7 in Table 1 ). Figure 1 shows four examples with different grades. It is noted that the grade only reflects the average fitting quality of the emission lines. And some of the weak lines may lead to the lower grade of the spectrum. Therefore some of the low-level spectra may be not reliable and require further identification.
Some objects of the sample have been observed several times. For example, the object 'SDSS J131105.31+022528.3' has two spectra: No.29 and No.30, both of which appear two redshift systems. Here, for the similar objects, we only kept one spectrum with the most obvious dual-redshift system to avoid redundancy. The object 'SDSS J030848.14-004659.9' (No.74), with several spectra from different observations, is a special case. It will be separately discussed later. Additionally, the basic information of No. 130 has not been found. Kewley et al. (2001) and dashed curve defined by Kauffmann et al. (2003) show the separation among star-forming galaxies, composite galaxies and AGNs. Two members of one spectrum are connected by a dashed line.
Its Object Name is replaced by the key values string 'Plate-MJD-Fiber', the RA and DEC are valued 'None' in Table  1 .
Spectra and image analysis
Our sample is searched based on spectra rather than the images, since those galaxies which are difficult to detect in the images can also be traced via constraints on redshifts from spectra. Figure 1 & 3 show some examples, both redshift systems of which are marked with dashed lines of different color. In these spectra, the most notable features are the strong emissions of Hα band, O III λ5008 band and O II λλ3727, 3729. The emission lines of most foreground galaxies are stronger than that of the background ones, and only a few spectra show the contrary appearance.
For most spectra in this sample, the first (low) redshift systems always show obvious and strong features in the emission lines, while the second (high) redshift systems are relatively weak. Only a few SGPs show an opposite situation, which may be interesting since the foreground galaxy may be lost in the background light in the images. It is hard to clearly explain every scenes under current conditions since many factors may increase its complexity, such as dust density of foreground galaxy (opacity), varied redshifts, interstellar medium (ISM) features and different parts of the galaxy the fibre traced. Decomposition of the two members in spectra is also difficult because the luminosity contributions of the two members are not easy to determine accurately. Improving a mathematical approach, such as stellar population synthesis code 'STARLIGHT' (Chen et al. 2009 ), may be a good choice. Figure 2 shows the two members' locations of those objects graded 'A' in BPT (Kauffmann et al. 2003) diagram. The locations between the two members have no correlation in this diagram since that two different components without interactions may appear in one spectrum only because of superimposition in the line of sight. Most of the pairs are located in the H II region or composite region.
Some special cases
For the redshift difference of galaxies pairs, 0.008 is a very conservative value which would distinguish (non-)associated galaxies . From this viewpoint, most of the SGPs in this sample are non-interacting galaxy pairs. The maximum ∆z is 0.27 and the light from the background galaxy of this pair is very faint. On the contrary, the minimum value ∆z ∼ 0.0055 (see the top panel in Figure 3 ) indicates that the two members may have weak interactions. As seen in this spectrum, the emission line N II λ6585 of the foreground galaxy and N II λ6550 of the background one are superimposed, which leads to a change of the line profile. That is why most close pairs are missed in the searching.
No.84 (see the second panel in Figure 3 ) is also an interesting case. The background galaxy appears to be an extremely metal-poor galaxy. And it is located on the end of left wing of the SEAGal (Kewley et al. 2001) in the BPT diagram, which suggests that the target is still in H II regions. In the Hα band, N II double lines and S II double lines are almost invisible. The O II λλ3727, 3730 are also very weak. However, the O III λ5007 is surprisingly strong. This feature is in stark contrast to the foreground galaxy, in which the O II double lines is stronger than O III λ5007. We speculate that it was not caused by the dust extinction effects of its foreground partner since the Balmer decrement values (Hα/Hβ) of the two objects are very close. The way how this spectrum forms needs further exploring.
No.83 (see the third panel in Figure 3 ) may have three redshift systems although the confidence is very low. The triplet-redshift spectra are very rare since they requires not only more than three galaxies in the line of sight, but also the emission lines triggering from overlapping areas traced by the same fibre. Even for the dual-redshift galaxy spectra, the sample (including some sources may be not true SGPs) provided in this paper is very small and occupies only 0.01 % of the total galaxies spectra. In the spectrum of No.83, the first redshift system has obvious features, while the second and the third redshift system is not reliable. Especially in the third system, S II double lines are somewhat unusual, Hβ, O II lines do not appear in this spectrum, and O III λ4364 line is covered by the O III λ5007 line of the first system. Therefore, we speculate that the identification of Hα band lines in the third system may be interfered by noise.
In this sample, there are 18 spectra (such as No.22, 23, 24, and so on) with one redshift close to 0. The bottom panel of Figure 3 is an example (No.23). These objects are all located in sky area of Galactic anti-center (135
. In this direction, light from the star forming regions of the Galactic arms or local galaxies clusters (such as M31) may have more chances to sneak into fibres. Therefore, the 0-redshift systems (the redshift is very close to zero) may appear in these spectra. These spectra are useful to study the structure and evolution of our Milky Way. Among these objects, No.74 is very special. This object has been carried out nine spectroscopic observations (shown in Figure 4 ) by SDSS, and dual-redshift system appears only in the spectrum of the latest observation . In its 0-redshift system, Hα band has obvious emission lines while other lines are almost invisible. Moreover, the Hα and N II λ6585 lines just coincide with the O I lines of the background galaxy. It may result in wrong recognition by pipeline. The series of spectra in Figure 4 indicate that the star-forming region occurs in recent years.
The image analysis
In fact, the SGPs are different from the galaxy pairs. Galaxy pairs generally mean the binary systems with only two close objects. However, a SGP implies such a scene that one component exists behind its foreground partner and the emission lines are triggered in their overlapped parts. In other words, they may exist in the environment of galaxy pairs, galaxy groups, galaxy clusters, or even super galaxy clusters. To understand the scenes of their environment, photometric image is also necessary. So all images of this sample provided by SDSS are checked visually and divided into two basic classes, eight subclasses (see column 8 in Table 1 ) according to projection features and related literature (see column 9 in Table  1 ). The classification criteria of the basic class is whether the objects in one image can be distinguished ( Figure 5) or not ( Figure 6 ). The details are as follows:
FPV (Face-on-Pair-Visible): Two galaxies can be separated visually in the image and they are all faced on to us. The upper two rows of Figure 5 are four examples. For the first two sources, the visual sizes of the pairs are close in the images while that of the other two sources differ considerably. The target may be a satellite galaxy of another large galaxy.
FGV (Face-on-Group-Visible): They are multiple galaxy systems. Most of the galaxies in these systems are faced on to us and several objects can be separated in the images. It is noted that all sources appearing in the galaxy group, galaxy cluster or other large size structure samples in literature (see column 9 in Table 1 ) are classified as 'Group'. So there may be some sources showing only two galaxies in their images. The third and fourth row of Figure 5 are four examples.
EPV (Edge-on-Pair-Visible): The main difference with FPV is that these galaxies are edge-on to us. The fifth and sixth row of Figure 5 also show four examples.
EGV (Edge-on-Group-Visible): The main difference with FGV is that these galaxies are edge-on to us. Unfortunately, it is very difficult to distinguish from the images. So no source in our list is classified as EGV. Figure 6 shows another four subclasses examples which can not be easily separated from the images. In other words, the background galaxies are highly overlapped with the foreground ones. The main basis of this classification is from the related literature. Similar to the previous four subclasses mentioned above, they are FPI (Face-on-PairInvisible), FGI (Face-on-Group-Invisible), EPI (Edge-onPair-Invisible) and EGI (Edge-on-Group-Invisible), respectively.
Dust extinction measurement
The effective dust extinction value can be measured successfully from pairs of overlapping galaxies in the nearby universe. This geometry of SGPs enables us to directly measure the extinction of light from the background galaxy as it passes through the foreground galaxy. The Balmer decre- ment can also be used to determine the extinction. The values of Hα/Hβ >2.86 (Calzetti et al. 2000) show extinction under the conditions normally assumed for galaxy H II regions. Due to the dependence on the measurement accuracy of emission lines, the Hα/Hβ values for only the two members of those targets graded 'A' are reported in Table 4 . And the Hα/Hβ values are used to derive the extinction values according to equation 5 described below:
where k (Hα) and k (Hβ) are taken from Calzetti et al. (2000) . The results are also listed in Table 4 .
Some extinction values may be higher than the values derived from photometric magnitude. We infer that it is reasonable. On the one hand, the spectrum is restricted by the aperture of fibres, so we can only trace a part of the galaxy (especially larger or nearer one) through the spectrum. Moreover, when we probe the emission lines radiated from H II regions, which tend to have higher dust density, we probably get a higher extinction. On the other hand, the companion component and the stellar population interfere with the measurement of integrated flux. It is difficult to decompose the members and deduct the contributions of continuum as well as stellar population simultaneously. So a Gaussian function plus a quadratic polynomial fitting are applied to the emission lines of observed spectra in our measurement. It may also lead to an overestimation of the values. Moreover, color magnitude measurement may also be affected by intergalactic medium and other members in its cluster (if so). To illustrate this result and explore the intrinsic dust distribution, the high-resolution images and the IFU spectra are needed.
The difference between two extinction values (∆E (B -V) = E (B -V ) bg -E (B -V) f g ) can reflect dust features of the traced regions of the foreground galaxy in a clean environment. However, for most overlapping galaxy pairs, there are many objects around them, which will bias the estimation. Especially, the bias will be more severe for the galaxy pairs with larger distances.
CONCLUSIONS AND DISCUSSIONS
The main works. An automatic search method of SGPs based on the fuzzy recognition is presented in this paper. The basic idea is to detect and identify the galaxy spectra which have two sets of emission lines from SDSS DR9. Limited by some factors such as low S/N, various broadening and other pre-processing errors, a lot of emission lines can not be identified accurately. Therefore, a membership degree is defined to measure the confidence of these lines. A SGPs sample of 165 targets is mined out by different thresholds and visual inspection. In this sample mined out by the above method, the minimum and maximum ∆z is 0.0055 and 0.27 respectively, which indicates that there are nearly no interacting pairs. All spectra in our sample are divided into four grades (A, B, C, D) according to the membership degrees and those spectra graded 'A' are used for a estimation of the Figure 4 . The spectra of 'SDSS J030848.14-004659.9' with nine observations sorted by modified Julian date (MJD). All spectra are scaled and shifted in one coordinate system. The fits names are marked on the top left of each spectrum. The common emission lines of two redshift systems are marked with green and red dashed lines, respectively. dust extinction. Additionally, analyses for a series of observations of one SGP from 165 systems indicate that a newly star-forming region of our Milky Way might occur.
By aid of the visual inspection of spectra and the contour lines from images, it is easy to get the relative position between these objects. In this paper, all images of our sample are classified into eight subclasses. Some images may be misclassified due to the limitation of observational capabilities and the complexity of environments around the targets. The four subclasses, with a single image component, are interesting since the foreground system may be a dwarf galaxy lost in the background light.
About the method. The method presented in this paper is useful to measure the confidence of SGPs. The membership degree defined in previous text plays a key role in the searching process. Using high thresholds of the membership degree will lead to the strong confidence of SGPs and a high probability of missing some SGPs with low spectral quality. On the contrary, the missed SGPs can be recovered when using low thresholds of the membership degree, and yet pseudo SGPs may be mixed into the result sample in such condition. Accordingly, the reasonable choice of membership degree thresholds is vitally important in searching process. Anyway, the searching result is reliable after trying different thresholds repeatedly.
On the other hand, there may still be some missing spectra in the searching process since the approach highly depends on the fitting quality of lines by Gaussian function. Poor fittings in some cases may be caused by weakness or deformation of the lines. In addition, this method has limitations in detecting the absorption features because some blended absorption lines could not be fitted by a single Gaussian function and the molecular bands could not be represented by Gaussian. Therefore, our method has only succeed in searching for dual-emission systems in single galaxy spectrum so far. Improving the measurement ability of the membership degree for uncertainty nature will be very valuable for those cases mentioned above.
In the end, we hope that this paper can be a clue for follow-up observational study. First of all, the further identification observations for overlapping galaxies pairs are needed. Then, Limited by the fibre aperture, only 3" region of some targets can be traced. Thus, larger aperture telescope or IFU techniques are valuable for the studying of dust distribution. Additionally, higher resolution photometric images are also helpful to analyze environments of these targets. Yanxin Guo, Miss Yu Bai for enthusiastic help and useful initial data organization and reduction.
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